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DEVELOPMENT AND OPTIMIZATION OF TWO APPLICATIONS IN 
FIRE DEBRIS ANALYSIS: THE CHARACTERIZATION OF 
ENVIRONMENTALLY FRIENDLY COMMERCIAL PRODUCTS AND FAST 
GC/MS 
 
 
KAITLIN B. THOMPKINS 
 
ABSTRACT 
 
Part 1: The Emergence of Environmentally Friendly Commercial Products and 
Their Impact on Fire Debris Analysis 
 
Environmentally friendly products (i.e. green products) are environmentally 
preferable choices relative to comparable commercial products. They are readily 
available to the public, often highly flammable, and can be used by criminals as 
accelerants to facilitate the start and/or spread of fire. It is critical for analysts to 
have an understanding of their composition and chromatographic characteristics. 
Green products include paint thinners, solvents, removers, and cleaning and 
surface preparation products. As the composition of commercial products 
continually change over time, the fire debris community needs to be aware of the 
variety of environmentally friendly ignitable liquids that could be encountered 
during casework. Traditionally, when fire debris analysts have been trained, they 
are taught that most of the ignitable liquid residues they will encounter in 
casework are petroleum-based products. With the increasing emergence of non-
petroleum based green products in the consumer marketplace, such products 
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may be encountered more often than ever before in fire debris evidence 
submitted to forensic laboratories. Analysts should become familiar with the 
chromatographic features of these products as neat liquids as well as when 
present in fire debris samples.  
The purpose of this study is to introduce fire debris analysts to the 
prevalence of green products and increase knowledge regarding a variety of 
green product compositions and the characteristics they exhibit when analyzed 
as neat liquids and in “mock” fire debris samples. Several green products were 
analyzed as neat liquid samples and subsequently extracted from fire debris 
samples using typical fire debris extraction and analysis techniques in order to 
familiarize fire debris analysts with the chromatographic and mass spectral 
features of these products. General information about different types of green 
commercial products, their chromatographic and mass spectral characteristics, 
and their interpretation will be summarized. Analytical methods were developed 
for the analysis of environmentally friendly products and included considerations 
of gas chromatography oven temperature and ramp rate, hold times, and flow 
rate, as well as the scan rate and range of the mass spectrometer. Analyses 
involving common substrates were performed, including spiking green products 
onto various substrates with subsequent analysis and comparison of burned and 
unburned samples.  
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Part 2: Application of Fast GC/MS Analysis for the Identification of Ignitable 
Liquids in Fire Debris Samples 
 
Fire debris samples that contain ignitable liquid residues undergo a two-
step process of extraction, most commonly via passive adsorption elution (PAE) 
onto an activated carbon strip, and instrumental analysis by gas 
chromatography/mass spectrometry. Upon completion of PAE, adsorbed 
compounds are eluted from the adsorbent with a suitable solvent and analyzed 
using (GC/MS) for the potential identification of ignitable liquid residues. A 
thorough evaluation of the literature revealed the average run time for gas 
chromatography of fire debris samples that contain hydrocarbon or petroleum 
based ignitable liquids to be 30 minutes. Additionally, a blank sample is run 
before an evidentiary sample to ensure solvent purity and to ensure any 
chromatographic carry over has not occurred between subsequent injections. 
The average run time, along with case volume, extraction times and case 
reviews contributes significantly to the backlog of samples to be analyzed in most 
crime laboratories around the country. Fast-GC/MS would significantly reduce 
analysis time, lower operating costs and would use less consumables. 
 Based on a process known as pattern recognition, an initial goal of a fire 
debris analyst is to identify a pattern that is consistent with an ignitable liquid 
class. The standard method followed by most fire debris analysts use or base 
standard operating procedures (SOPs) on the American Society of Testing and 
Materials (ASTM) E1618, which defines the classes of commercial ignitable 
liquids based on chemical composition and boiling point range (or volatility). This 
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study was conducted to optimize current methods of ignitable liquid detection and 
to optimize fast-GC/MS conditions for the identification of ignitable liquids in fire 
debris samples. Additionally, this study was conducted to determine if fast-
GC/MS can reduce chromatographic separation times without sacrificing peak 
resolution and subsequently allow for ignitable liquid discrimination. Method 
development included considerations of flow rate, initial GC oven temperature, 
ramp rate, and mid and end temperature hold times. Fast-GC/MS conditions 
were tested on neat ignitable liquids from all nine ASTM E1618 classes.  
Optimizing fast-GC/MS method parameters led to an increase in sample 
throughput in comparison to traditional GC/MS methods. As a result, the GC/MS 
identification of ignitable liquids and their residues was performed in a quarter of 
the amount of time when compared to traditional methods.  
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Chapter 1.0: Introduction: 
 
Part I: The Emergence of Environmentally Friendly Commercial Products 
and Their Impact on Fire Debris Analysis 
 
1.1.1. Environmentally-Friendly (Green) Commercial Products 
 
The first part of this two-part thesis includes the characterization of 
environmentally friendly ignitable liquids. In 1992, Congress passed the Energy 
Policy Act in order to reduce the United States’ dependence on foreign 
petroleum. This act defines alternative fuels and establishes regulatory 
approaches to encourage an alternative fuel market in the United States. This act 
led to the development of Biodiesel and E-85 fuel as non-petroleum based fuel 
alternatives.1 In 1993 the EPA created an Environmentally Preferable Purchasing 
(EPP) Program to help government purchasers consider environmental factors in 
purchasing alternative fuels. The EPP Program was crucial in increasing 
availability of environmentally preferable products within the marketplace.2 
In July 2012, National Geographic released a global Greendex score, 
which is a comprehensive measure of consumer behavior in 65 areas relating to 
housing, transportation, food and consumer goods. From 2008 to 2012 the 
consumer Greendex score increased in every area, marking an increase in 
environmental awareness.3 This also marked an increase in availability of 
environmentally friendly products within the market place and use within homes. 
According to the EPA, environmentally preferable means “products or 
services that have a lesser or reduced effect on human health and the 
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environment when compared with competing products or services that serve the 
same purpose”.2 These products are readily available to the public, often highly 
flammable and can be used by criminals as accelerants to initiate and/or facilitate 
the spread of fire. It is critical for analysts to have an understanding of their 
composition and characteristics. Green products include thinners, solvents, 
removers, and cleaning and surface preparation products. 
 
1.1.2. Fire Chemistry and Accelerants 	  
In order for a fire to occur, several conditions must be fulfilled and can be 
summarized in the Fire Triangle, shown in Figure 1. It states that for a functioning 
fire to occur, three conditions must be present and interact together: a fuel, an 
oxidizer and a heat source. The connection of each side of the triangle 
represents the continuous interactions needed for a fire to persist. This is also 
known as an uninhibited chemical chain reaction. 4 An accelerant is defined as a 
fuel (usually a flammable liquid) that is used to initiate or increase the intensity or 
speed of the spread of fire.5 Accelerants rapidly increase the temperature of a 
fire and are frequently used to intentionally set fires. 
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Figure 1. Depiction of the fire triangle, each side represents the continuous 
interactions between all three sides needed for a fire to persist 
 
Fires cause some of the greatest losses to property and human life around 
the world.6 In 2011-2012 the FBI reported 17,796 arson offenses in the United 
States in their Preliminary Semiannual Uniform Crime Report, January-June 
2012.7 Arson, the deliberate setting of a fire to destroy property or to take a 
human life, is one of the most difficult crimes to investigate, due to much of the 
evidence being destroyed by the fire.8 Additionally, not all property fires are 
deliberately set, and the presence of ignitable liquids at a fire scene is not proof 
of a crime because these items may have been present in a structure before the 
fire.9 
 
Thermal(Energy(
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 4 
1.1.3. The Refining Process of Crude Oil 	  
Crude oil was created millions of years ago within the earth and can be found 
throughout the earth’s crust all around the world.4 Although petroleum varies 
depending on its source and contains numerous different substances, it is 
primarily composed of hydrocarbons. Carbon constitutes 83-87% of the basic 
elemental composition of crude oil, as seen in Figure 2. The purpose for refining 
crude oil is to produce useful and marketable products and the constituents of 
the crude oil will ultimately effect the composition of these products. These 
products include gasoline, cleaning solvents, oils, paint thinners, lighter fluids, 
lacquer thinners, aviation gas, and candle wax. The process in which petroleum 
is refined has a great influence on the composition of products and is reflected in 
the way ignitable liquids are classified. The classification of ignitable liquids is 
based on chemical composition and boiling point range (or volatility). 10 
 
Carbon'83*87%'
Hydrogen'0.1*2%'
Nitrogen'0.1*2%'
Oxygen'0.05*1.5%' Sulfur'0.05*6%' Metals'<0.1%'
Basic&Elemental&Composi0on&of&Crude&Oil&
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Figure 2. Basic Elemental Composition of Crude Oil, with carbon constituting 83-
87% of the total composition 
 
 
 
 
 
 
 
1.1.4. Current Methods in Fire Debris Analysis and ASTM E1618 Guidelines 
for the Classification of Ignitable Liquids  
 
 
 
 
Heated Passive Adsorption Elution (PAE) is the most commonly utilized 
technique for the extraction of ignitable liquid residues from fire debris evidence. 
This process typically involves suspending an activated charcoal strip within an 
airtight container such as a metal can and heating the sample for a period of 
time.11 American Society of Testing and Materials Standard Practice E1412-07 
advises heating the sample from 2 to 24 hours at a temperature of 50°C to 
80°C.12 Upon cooling, any adsorbed compounds are eluted from the adsorbent 
with a suitable solvent, often carbon disulfide, and analyzed using gas 
chromatography/mass spectrometry (GC/MS) for the identification of any 
ignitable liquid residues that may be present.13 The standard method followed by 
most analysts in the United States is the American Society of Testing and 
Materials (ASTM) E1618, which defines the classes of commercial ignitable 
liquids. During data analysis, the essential requirement for determining a 
classification is the comparison of the sample chromatogram and mass spectral 
data with a reference ignitable liquid chromatogram and spectrum obtained under 
similar conditions. The ASTM classes include gasoline (GAS), petroleum 
 6 
distillates (PD), isoparaffinic products (ISO), aromatic products (AR), naphthenic 
paraffinic products (NP), normal alkane products (NA) and oxygenated solvents 
(OXY).14 
Oxygenated ignitable liquids are more difficult to detect and classify in 
comparison to petroleum-based ignitable liquids for a number of reasons. 
Common oxygenates are low molecular weight, making them susceptible to loss 
through evaporation. Due to their polarity, if extended heating occurs during PAE 
higher molecular weight hydrocarbons displace low molecular weight compounds 
on the activated carbon strip.15 Additionally, they are commonly single 
component products, making the use of pattern recognition techniques 
impossible.4 Secondarily, during a fire debris analysts career most ignitable 
liquids they see in casework are petroleum-based. This may lead to the fire 
debris analysts overlooking the presence of oxygenated ignitable liquids as 
accelerants.16,17 This reinforces the importance of creating a reference database 
of known flammable commercial products that contain lower molecular weight 
oxygenates that could potentially be used as accelerants and ultimately seen in 
fire debris samples. 
 
1.1.5. Objective/Hypothesis 
 
As the composition of commercial products change over time, the fire debris 
community needs to be cognizant of the variety of ignitable liquids that could be 
encountered during casework. When fire debris analysts are trained, they are 
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taught that most of the ignitable liquid residues they will encounter in casework 
are petroleum-based products.16,17 With the increasing emergence of non-
petroleum based green products in the consumer marketplace, such products 
may be encountered in fire debris evidence submitted to forensic laboratories. 
Analysts should become familiar with the chromatographic features of these 
products as neat liquids as well as when present within debris samples.  
The purpose of this project is to introduce fire debris analysts to 
nonpetroleum-based, environmentally friendly commercial products and to 
increase awareness of non-traditional ignitable liquids that are challenging to 
classify under ASTM guidelines. It is a secondary goal of this project to provide 
the analyst with a reference source that can provide information about 
environmentally friendly products and their analytical characteristics. 
 
 
Part II: Application of Fast GC/MS Analysis for the Identification of Ignitable 
Liquids in Fire Debris Samples 
 
1.2.1. Fast-GC  
 
In the second part of this two-part thesis an optimized fast-GC method was 
used to analyze ignitable liquids from nine different ASTM classes, in an effort to 
reduce chromatographic analysis time without sacrificing the resolution needed 
for identification. Fire debris analysis includes a two-step process of extraction 
and instrumental analysis. Passive adsorption elution (PAE) is the most 
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commonly utilized technique for the extraction of ignitable liquid residues from 
fire debris evidence. Compounds are analyzed using gas chromatography/mass 
spectrometry (GC/MS) for the identification of any ignitable liquid residues that 
may be present. A thorough evaluation of the literature revealed the average run 
time for gas chromatography of fire debris samples to be 30 minutes.18,19,20 
Additionally, a blank sample is run before an evidentiary sample to ensure 
solvent purity and to ensure any chromatographic carry over has not occurred 
between subsequent injections. This average run time contributes significantly to 
the backlog of samples to be analyzed in most crime laboratories around the 
country. Increasing throughput of fire debris cases would utilize resources more 
effectively when limitations exist due to the number of instruments available. It is 
the goal of this fast-GC/MS study to increase sample throughput without 
sacrificing quality. This can be achieved by utilizing shorter column lengths, 
increasing the rate of the oven temperature program, and/or utilizing increased 
carrier gas velocity.21  
 
1.1.2. Application for the Identification of Ignitable Liquids/Hypothesis  
 
The fire debris analyst aims to identify a pattern that is consistent with a 
“class” of ignitable liquids. The standard method followed by most analysts in the 
United States is the American Society of Testing and Materials (ASTM) E1618, 
which defines the classes of commercial ignitable liquids based on chemical 
makeup and weight. The ASTM E1618 classes include gasoline (GAS), 
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petroleum distillates (PD), isoparaffinic products (ISO), aromatic products (AR), 
naphthenic- paraffinic products (NP), normal alkane products (NA) and 
oxygenated solvents (OXY).14 In addition, the ignitable liquid classes are further 
separated into three main categories: light, medium and heavy. 
It has previously been shown that a heavy petroleum distillate (for example 
diesel fuel) can be successfully analyzed under fast-GC/MS conditions by 
applying different temperature programs which varied by oven temperature ramp 
rate.22 This study was conducted to challenge present-day methods of ignitable 
liquid detection by optimizing fast-GC/MS conditions for the identification of 
ignitable liquids in fire debris samples to ultimately reduce instrumental analysis 
times without sacrificing the peak resolution required for ignitable liquid 
identification. 
 
Chapter 2.0: Materials and Methods 
 
Part I: The Emergence of Environmentally Friendly Commercial Products 
and Their Impact on Fire Debris Analysis 
 
2.1.1. Materials  
 
All green commercial products were obtained from either Home Depot (5 
Allstate Rd, Boston, MA, 02135), Model Hardware (22 Harvard Ave, Allston, MA, 
02134), or from Homedepot.com. Please refer to Table 1 for a complete list of 
green commercial products. Utilized solvents were pentane (HPLC Grade), 
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obtained from Acros Organics (New Jersey, USA; Lot Number: 081123) and 
methanol, obtained from Fisher Scientific (New Hampshire, USA; Lot Number: 
130057). Activated charcoal strips (ACS) were obtained from Albrayco 
Technologies, Inc. (Cromwell, Connecticut, USA) and unwaxed dental floss and 
paper clips were obtained from a local CVS Pharmacy store (874 Harrison Ave, 
Boston, MA, 02118). Pint-size paint cans, along with pressure friction lids, were 
obtained from Fisher Scientific (790 Memorial Dr, Cambridge, MA, 02139) as well 
as vials, liners and caps utilized for GC/MS preparation and analysis.  
Table 1. List of Environmentally Friendly (Green) Commercial Products 
 
 
 
2.1.2. Flammability Testing 
 
 The green commercial products were tested for ignitability and flame 
sustainability by subjecting them to a flame test. This was done by pipetting 1 mL 
of each commercial product into a clean CoorsTex crucible. An open flame was 
placed over the crucible to see if ignition occurred. The open flame was produced 
by using a propane BernzOmatic® torch made by Worthington Cylinders 
(Columbus, OH, USA). The flame was placed at the surface of the liquid at a 45° 
Green Product Brand
Klean-Strip Green Turpentine Klean-Strip®
Klean-Strip Green Safer Paint Thinner Klean-Strip®
Klean-Strip Green Mineral Spirits Klean-Strip®
Bio Solv Solvent Replacement Bio Solv™
Green Envy Paint Thinner Green Envy
Klean-Strip Green Lacquer Thinner 30% WT Klean-Strip®
Klean-Strip Green Denatured Alcohol Klean-Strip®
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angle for five seconds to allow for potential ignition of the green commercial 
products.  
 
2.1.3. Analysis of Neat Commercial Green Products 
 
The neat green commercial products were diluted in methanol at a 1:20 ratio 
(50 µl : 950 µl), prepared in triplicate. Following dilutions of the samples, they 
were analyzed by GC/MS. The GC/MS operating parameters and method can be 
found in Section 1.2.7. 	  
2.1.4. Heated Passive Headspace and Solvent Desorption  
 
Twenty microliters of each of the green commercial products were spiked 
onto clean Kimwipes and placed into separate pint-sized paint cans for 
extraction. These samples underwent heated passive adsorption elution (PAE) 
using an activated carbon strip (ACS). For each sample, an ACS was cut in half 
with a sterile razor blade and each half measuring approximately 8 mm x 10 mm. 
One-half was desorbed in 500 µl pentane and the other half was desorbed in 500 
µl methanol and placed on a nutator for approximately 15 minutes. Using a 
transfer pipette, the pentane and MeOH extracts were transferred into 2 mL GC 
vials containing glass inserts for GC/MS analysis. 
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2.1.5. Extraction of Green Products from Realistic Mock Forensic Cases 
 
Each green commercial product was tested using a series of four conditions: 
Unburned/Unspiked (U/U), Unburned/Spiked (U/S), Burned/Unspiked (B/U), and 
Burned/Spiked (B/S). The U/U condition was analyzed to allow for the 
identification of any interference matrix components of the two substrates. Both 
substrates were spiked with 20 microliters of commercial product. The B/S 
samples were allowed to sit for 30 seconds. The U/S samples were also allowed 
to sit for 30 seconds before passive adsorption elution was performed. The B/S 
condition was analyzed as it simulates a forensically realistic sample and the B/U 
condition was analyzed to allow for the identification of any pyrolysis products 
and interferences from the two substrates. Subsequently, the B/S and B/U 
samples were burned using a propane BernzOmatic® torch made by Worthington 
Cylinders (Columbus, OH, USA). The flame was positioned approximately 4” 
away from the substrate at a 45° angle for 5 seconds.  For the U/S samples, 20 
microliters of each commercial product was spiked onto the substrate. The U/S 
condition was analyzed to allow for the identification of the commercial product 
spiked onto the two substrates. 
Table 2. Summary of Four Conditions Applied to Matrices 
 
 
 
 
Unburned/Unspiked U/U
Unburned/Spiked U/S
Burned/Unspiked B/U
Burned/Spiked B/S
State%of%Matrix
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Two substrates were utilized: carpet/carpet padding samples and oriented 
strand board (OSB) wood flooring samples. These two substrates were selected 
because they represent the top two substrates submitted to crime laboratories as 
fire debris samples, as shown in Figure 3. The manufacturer information for the 
carpet and carpet padding is summarized in Table 3. The most common 
substrate submitted in fire debris cases is carpet/carpet padding at 52%. Thus, 
the use of the carpet/carpet padding substrate closely represents a sample that 
could be collected from a fire scene.4 Each carpet/carpet padding substrate 
measured approximately 2” by 2”. 
 
Figure 3. Distribution of the types of substrates submitted in fire debris samples 
to crime laboratories. This image was reproduced from the literature23 
 
carpet/carpet(padding(
52%(
carpet(padding/
wood(((((((((((((((((((((((
11%(
fabric/paper((((((((((((((((((((((((
11%(
vinyl(flooring/plas:cs(((((((((((((((((((((((
10%(
liquids(((((((((((((
5%(
soil/concrete(((((((((((((((((((((((((((((((((((
5%(
miscellaneous((((((((((((((((((((((((((((((((
3%(
tar(paper/shingles((((((((((((((((((((((((((((
3%(
sheet rock (((((((((((((((((
1%(
Types&of&Substrates&Submi1ed&as&Fire&Debris&Samples&
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Table 3. Carpet and Carpet Padding Manufacturer Information 
 
OSB wood labeled “7/16” 2’x4’ OSB PROJECT PANEL” was cut using a 
DeWALT® 20V Max 6-1/2 (165 mm) Cordless Circular Saw (Home Depot, Model 
Number DCS391) into approximately 2” by 2” pieces. OSB mentioned below 
Table 2 is manufactured from heat-cured adhesives and rectangular-shaped 
wood strands that are arranged in cross-oriented layers. It is generally used for 
flooring and small repair jobs.24 Thus, OSB and wood floorboard are good 
representatives for mock matrices. Investigators collect fire debris samples from 
deep layers of the baseboard, a location where ignitable liquids are often 
protected from the heat of the fire. The wood floor board was chosen because it 
would most likely be located beneath carpet and/or padding and it is another 
common substrate observed in fire debris evidence.4 
 Heated passive adsorption elution (PAE) was utilized and all samples were 
prepared in triplicate and analyzed by GC/MS. Additionally, a neat standard for 
each of the commercial products was prepared by diluting 20 µl of each product 
in 500 µl MeOH. The neat standards were also analyzed by GC/MS. 
 
 
Carpet Carpet'Padding
Manufacturer Beaulieu'of'America® Manufacturer TrafficMaster™
Type Loop Material Recycled'Foam
Style/Color Laredo/Sagebrush Thickness 5/16'in.
Construction 100%'BCF'Olefin Compatible'Carpet'Types Loop
Price $0.55/ft2 Price $0.55/ft2
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2.1.6. Extraction Method 
 
Ignitable liquid residues were extracted from the experimental sample 
substrates utilizing heated passive adsorption elution (PAE) with activated 
charcoal strips (ACS). For each sample, the ACS was cut in half with a sterile 
razor blade and measured approximately 8 mm x 10 mm. Each half was pierced 
with a paper clip and suspended in the can in the headspace above the sample 
with unwaxed dental floss prior to PAE. Sample containers were heated in a 
temperature controlled oven (Thermo Scientific; Model 6530) at approximately 
80°C for two hours.  Following the heating process, containers were removed 
and allowed to cool for approximately 2 minutes. The strips were removed from 
the paper clips and placed in separate sterile 5 mL black top vials. One charcoal 
strip half was desorbed with 500 µl MeOH and the other half in pentane and 
placed on a nutator for approximately 15 minutes. The pentane or MeOH extract 
was transferred into a glass insert of a 2 mL GC vial using a transfer pipette for 
GC/MS analysis. 
 
2.1.7. GC/MS Operating Parameters 
 
All samples were analyzed utilizing an Agilent 7890A gas chromatograph, 
coupled to an Agilent 5975C inert XL EI/CI mass selective detector (MSD). GC 
separations were performed using a Restek Rxi®-5HT column (30 m x 0.25 mm x 
0.25 um); with a carrier gas of ultra high purity helium. MSD ChemStation® 
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Software, version E.02.00.493 was used for chromatographic and mass spectral 
data analysis. A GC/MS method was optimized for the analysis of the green 
commercial products and is summarized in Table 4. The Biomedical Forensic 
Sciences laboratory used two standard GC/MS run methods for chromatography 
of petroleum-based ignitable liquid products. However, these methods did not 
work for green commercial products because they contained oxygenated 
compounds and were ruled out as an option. Previous research by Rodgers 
optimized a method for the analysis of a wide-range of products, including both 
oxygenates and petroleum-based ignitable liquids.25 Thus, a method featuring a 
30 minute total run time with a four minute isothermal segment at 40°C, followed 
by a temperature ramp of 10°C per minute up to 280°C with a final hold time of 
two minutes was found to be ideal. One microliter of the sample was injected via 
a 1:20 split onto a 30 meter capillary column. The quadrupole mass analyzer was 
programmed to acquire data in scan mode between 31 amu and 350 amu. 
Methanol was used as a solvent wash. The method was modified to turn off the 
MS detector during the elution of the MeOH solvent. 
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Table 4. GC/MS parameters for KTARSON1MEOH.M method. 
 	   
 
 
 
 
 
 
 
 
 
 
 
Part II: Application of Fast GC/MS Analysis for the Identification of Ignitable 
Liquids in Fire Debris Samples 
 
2.2.1. Materials 
 
The commercial products used for fast-GC analysis were obtained through 
Fisher Scientific, Home Depot, and from The Ignitable Liquids Database (ILDB) 
at the National Center For Forensic Science. Please refer to Table 5 for a 
complete list of chemical sources. The products ordered from the ILDB arrived in 
a glass vial containing several pieces of activated charcoal strips (ACS). The 
samples were already adsorbed to the ACS surface via heated headspace from 
the source. To obtain a liquid sample, 5 pieces of the charcoal were placed in 1 
mL of pentane and placed on the nutator for 15 minutes. All ignitable liquids were 
prepared as 1:100 dilutions in pentane and transferred with a sterile transfer 
pipette into a GC vial for GC/MS analysis.  
 
 
Parameter KTARSON1MEOH.M
Total Run Time 30 min
Program 40°C for 4 min, then 10°C/min to 280°C for 2 min
Inlet Mode Split
Split Ratio 1:20
Pressure 4.76 psi
Split Flow 15.98 mL / min
Average Velocity 32.414 cm / sec
Solvent Delay 2.10 min
MS Mode Scan
Low Mass 31 amu
High Mass 350 amu
Timed Events None
Injection Volume 1 ul
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Table 5. A list of product names, brands, and sources of chemicals used for Fast 
GC. 
  
 
2.2.2. Method Optimization and GC/MS Operating Parameters 
 
The GC/MS operating parameters can be found in the Materials and Methods 
section 2.1.7. Seven different GC/MS methods were created with varying initial 
temperature hold times, ramp rate temperatures and final temperature hold times 
with respect to original method ARSON.M, see summary in Table 6. The 
ARSON.M method represents the traditional method utilized in fire debris 
analysis and was used for comparison purposes. It was determined that the 
FASTGC1.6 method was optimal for a range of ignitable liquids from the 7 ASTM 
ASTM Class Product Name Brand Source Location
Gasoline
Gasoline- Regular 
unleaded
Boston, 
Massachusetts, 
USA
Medium Petroleum Distillate Charcoal Lighter Fluid Kingsford®
Subsidiary 
of The 
Clorox 
Company
Oakland, 
California, USA
Heavy Petroleum Distillate Diesel fuel
Boston, 
Massachusetts, 
USA
Isoparaffinic Product Isopar™ V ExxonMobile
National 
Center for 
Forensic 
Science
University of 
Florida, Florida, 
USA
Aromatic Product Shellsol™ A100 Shell
National 
Center for 
Forensic 
Science
University of 
Florida, Florida, 
USA
Heavy Naphthenic/Paraffinic Poduct
Bite Fighter Cintronella & 
Cedar Torch Fuel Tiki®
Home 
Depot
Boston, 
Massachusetts, 
USA
Normal Alkane Product Tiki Ultra Pure Lamp Oil Tiki®
Lamplight, 
Inc.
Menomonee 
Falls, Wisconsin, 
USA
Oxygenated Product Citrus All Purpose 
Cleaner
ZEP®
National 
Center for 
Forensic 
Science
University of 
Florida, Florida, 
USA
Mobil™
Hess Co.
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E1618 classes. Following the evaluation of the seven GC/MS methods, all 
ignitable liquids were run utilizing both the FASTGC1.6 and the ARSON method. 
Table 6. GC/MS parameters for ARSON.M, FASTGC1.1, FASTGC1.2, 
FASTGC1.3, FASTGC1.4, FASTGC1.5, FASTGC1.6 and FASTGC1.7 methods. 
 
 
 
Chapter 3.0: Results 
 
Part I: The Emergence of Environmentally Friendly Commercial Products 
and Their Impact on Fire Debris Analysis 
 
3.1.1. Analysis of Green Commercial Products by GC/MS 
 
The seven green commercial products were analyzed by GC/MS and the 
most abundant chemical compounds of each chromatogram were selected for 
further evaluation. The chemical compositions for the chosen peaks were 
identified using mass spectrometry and plotted as a pie chart, shown in Figure 4. 
The most abundant class of chemical compounds were oxygenates at 38%, 
followed by straight-chain alkanes at 31%. Other chemical compositions included 
cycloalkanes at 17%, branched alkanes at 7%, aromatics at 4% and halogenated 
compounds at 3%. Figure 4 represents the chemical composition of all of the 
Method Initial,Temp,
(°C)
Initial,Hold,
(min)
Ramp,Rate,
(°C/min)
Final,Temp,
(°C)
Final,Hold,
(min)
Total,Time,
(min)
ARSON.M 50 6 15 280 4 25.33
FASTGC1.1 50 5 20 280 3 19.5
FASTGC1.2 50 5 25 280 3 17.5
FASTGC1.3 50 5 30 280 3 15.667
FASTGC1.4 50 5 35 280 3 14.571
FASTGC1.5 50 3 35 280 2 11.571
FASTGC1.6 50 3 40 280 2 10.75
FASTGC1.7 50 1 50 280 1 6.6
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green commercial products studied and the GC/MS data produced.
	  
Figure 4. Chemical Composition of Most Abundant Peaks from Seven Green 
Commercial Products  
 
3.1.2. Flammability Testing of Green Commercial Product  
 
 The green commercial products were subjected to a flame test. The 
results of the flammability test are shown in Table 6. Four of the seven green 
commercial products ignited upon contact with an open flame and sustained a 
flame, indicated by a ✔ mark in Table 6. These products included Klean-Strip 
Green Turpentine, Bio Solv Solvent Replacement, Klean-Strip Green Lacquer 
Thinner, and Klean Strip Green Denatured Alcohol. It is important to note that 
these commercial products would be classified as ignitable, making them useful 
products to initiate and facilitate the spread of a fire. Three of the seven green 
commercial products did not light upon contact with an open flame, indicated by 
17%$
31%$38%$
4%$
3%$
7%$
Chemical)Composi-on)of)Most)Abundant)Peaks)from)
Seven)Green)Commercial)Products)
Cycloalkanes$
Straight8Chain$Alkanes$
Oxygenates$
Aroma=cs$
Halogenated$Compounds$
Branched$Alkanes$
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a ✗ mark in Table 7. These products included Klean-Strip Green Safer Paint 
Thinner, Klean-Strip Green Mineral Spirits and Green Envy Paint Thinner. Most 
of the commercial products that ignited and sustained a flame burned clean, 
however, Klean-Strip Green Turpentine produced a black smoke when burning 
and left visible black soot after the flame extinguished. The Klean-Strip Green 
Minerals Spirits did not light upon contact with an open flame, however, it did 
produce a sporadic dark yellow “spark” that was not sustained and left light 
brown soot as a residue. 
Table 7. Summary of Flame Test Results  
 
 
 
 
 
 
 
 
 
Green Product Brand Flame Test Details Residue
Klean-Strip Green Turpentine Klean-Strip® ✔
Lights upon 
contact with open 
flame. Flame 
posessed black 
smoke
Heavy Visible Black Soot
Klean-Strip Green Safer Paint Thinner Klean-Strip® ✗ Did not light upon contact with open 
flame
None
Klean-Strip Green Mineral Spirits Klean-Strip® ✗
Dark yellow flame 
upon contact with 
flame, was not 
sustained
Light Visible Brown Soot
Bio Solv Solvent Replacement Bio Solv™ ✔ Lights upon contact with open 
flame; burned blue
None
Green Envy Paint Thinner Green Envy ✗ Did not light upon contact with open 
flame
None
Klean-Strip Green Lacquer Thinner 30% WT Klean-Strip® ✔ Lights upon contact with open 
flame
None
Klean-Strip Green Denatured Alcohol Klean-Strip® ✔ Lights upon contact with open 
flame; blue flame
None
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3.1.3. Solvent Desorption Utilizing Pentane and Methanol from the PAE of 
Green Commercial Products 
 
Methanol was found to be a more efficient desorption solvent for 
oxygenated species and pentane or carbon disulfide was a more efficient 
desorption solvent for hydrocarbons. The most abundant chemical compounds 
were selected for each of the seven commercial products in both solvents. These 
peaks were used for comparing the use of methanol and pentane as desorption 
solvents. The abundances of each compound of interest were plotted against 
each compounds retention time for both methanol and pentane.   
Klean-Strip Green Lacquer Thinner had two abundant oxygenated 
compounds, ethyl acetate and 2-butoxy-ethanol. The abundance of each 
compound were plotted against retention time, see Figure 5. The blue bars 
represent the most abundant peak for each of the compounds desorbed in 
methanol. While the red bars represent the most abundant peak for compounds 
desorbed in pentane. Ethyl acetate was desorbed more efficiently by pentane, 
whereas 2-butoxy ethanol was preferentially desorbed in methanol, shown in 
Figure 5.  
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Figure 5. Desorption solvent comparison for Klean-Strip Green Lacquer Thinner: 
comparison of the integrated peak areas of ethyl acetate and 2-butoxy-ethanol 
from an extraction using methanol and pentane 
 
 
Overall, pentane accomplished a more efficient desorption of the 
compounds in the commercial products than methanol. It has been previously 
shown that oxygenates have a better desorption capability in methanol, however, 
pentane accomplished a more efficient desorption of the oxygenated compounds 
within the green commercial products. One of the oxygenated compounds 
identified in the TIC of Klean-Strip Green Denatured Alcohol was methyl isobutyl 
ketone, shown below in Figure 6.26 This is most likely due to the fact that the 
oxygenated analyte contains greater hydrocarbon organic character, which is 
effectively desorbed by pentane. It is a general trend that organic compounds 
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with greater than four carbons and only one polar site prefer organic solvents, 
such as pentane. 
 
 
 
 
Figure 6. Chemical structure of Methyl Isobutyl Ketone (MIBK), identified in 
Klean-Strip Green Denatured Alcohol26 
 
 
The TIC for Klean-Strip Green Mineral Spirits had four abundant peaks, 
undecane, dodecane, tridecane, and tetradecane, shown in Figure 7. The blue 
bars represent the most abundant peaks for compounds desorbed using 
methanol and the red bars represent the most abundant peaks for compounds 
desorbed by the use of pentane. The use of pentane as a desorption solvent was 
shown to be superior to methanol. This is consistent with previous research 
stating that pentane is a preferable choice as a desorption solvent for 
hydrocarbons.27 
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 Figure 7. Desorption solvent comparison for Klean-Strip Green Mineral 
Spirits: comparison of the integrated peak areas of undecane, dodecane, 
tridecane and tetradecane from an extraction utilizing methanol and pentane  
 
3.1.4. Extraction of Green Products from Realistic Mock Forensic Cases 
 
3.1.4.1. Substrate 1: Carpet/Carpet Padding  
 
All commercial products were analyzed under the four conditions with both 
substrates, carpet/carpet padding and wood. The samples were subjected to 
heated passive adsorption elution and analyzed by the GC/MS. The 
chromatogram for the unburned/unspiked (U/U) sample is shown in Figure 8 and 
represents the components detected from the analysis of the carpet/carpet 
padding matrix. The compounds identified within the unburned/unspiked (U/U) 
samples by GC/MS were mostly alkanes, branched alkanes and alkenes. The 
chromatogram for the burned/unspiked (B/U) sample is shown in Figure 9 and 
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represents pyrolysis products present from the combustion of the carpet/carpet 
padding. One of the main problems associated with visual assessment is 
contribution from products formed due to the burned substrate interferences.28 
Visual assessment of chromatograms based on pattern recognition techniques 
for the presence of ignitable liquids is challenging and at times subjective 
because of these interferences.  
Background interference can be from substrate materials that pyrolyze 
during the burning process to form volatile compounds that elute in the range of 
common ignitable liquids.29 Pyrolysed materials may generate volatiles that are 
chemically similar to components of the targeted fire accelerants.30 This can 
make it difficult to successfully identify an ILR based on comparison to a 
reference collection of neat liquids,31,28 making the ability to effectively isolate the 
target compound from background pyrolysis products one of the main challenges 
for fire debris analysts.32 The three most abundant interfering compounds 
identified in these experiments were: 2,4-dimethyl-1-heptene, undecane and 
dodecane. 
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Figure 8. TIC depicting the unburned/unspiked condition for the carpet/carpet 
padding substrate desorbed from ACS 
 
 
Figure 9. TIC depicting the burned/unspiked condition for the carpet/carpet 
padding substrate desorbed from ACS 
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The chromatogram representing the unburned/spiked condition for Klean-
Strip Green Lacquer Thinner is shown in Figure 10 and allows for the 
identification of the commercial product extracted using heated passive 
headspace from the carpet/carpet padding. Except for toluene, this successful 
extraction and identification allowed for the ability to recovery the major 
components of the green products using the extraction method described in the 
Materials and Methods section. The two major compounds were identified as 
ethyl acetate and 2-butoxy-ethanol. If the Klean-Strip Green Lacquer Thinner 
analyzed under unburned/spiked condition is compared to its neat standard, it is 
apparent that toluene is no longer present in the unburned/spiked condition. 
Reported by Phelps et al., toluene should elute between the peaks shown and 
wouldn’t likely be displaced by any heavier more non-polar compounds, however, 
it does not.33 It is either possible that this compound irreversibly adsorbed to the 
carpet/carpet padding substrate or did not adsorb to the ACS during the 
extraction process. Additionally, extraction times and oven temperatures might 
have affected the volatilization of toluene to enter the headspace to allow for 
adsorption to occur. Either scenario would render this compound undetectable 
during analysis.  
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Figure 10. TIC depicting the unburned/spiked condition for Klean-Strip Green 
Lacquer Thinner spiked onto the carpet/carpet padding substrate desorbed from 
ACS 
 
 
Figures 11 through 17 represent TICs of the green commercial product 
under spiked/burned conditions analyzed with the carpet/carpet padding and as a 
neat standard. The red series represents the spiked/burned condition and the 
blue series represents the neat standard in each overlay. Although the 
abundances in the spiked/burned condition were significantly diminished, there 
was an ability to identify the commercial products within these realistic samples.  
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Figure 11. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Turpentine analyzed with the carpet/carpet padding 
substrate desorbed from ACS 
 
 
 
Figure 12. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Safer Paint Thinner analyzed with the carpet/carpet 
padding substrate desorbed from ACS 
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Figure 13. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Mineral Spirits analyzed with the carpet/carpet padding 
substrate desorbed from ACS  
Figure 14. TIC overlay depicting the neat standard and spiked/burned condition 
for Bio Solv Solvent Replacement analyzed with the carpet/carpet padding 
substrate desorbed from ACS 
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Figure 15. TIC overlay depicting the neat standard and spiked/burned condition 
for Green Envy Paint Thinner analyzed with the carpet/carpet padding substrate 
desorbed from ACS 
 
 
Figure 16. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Lacquer Thinner analyzed with the carpet/carpet padding 
substrate desorbed from ACS 
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Figure 17. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Denatured Alcohol analyzed with the carpet/carpet padding 
substrate desorbed from ACS 
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unburned/unspiked condition. 
 
Figure 18. TIC depicting the unburned/unspiked condition for the OSB wood 
substrate desorbed from ACS 
  
Figure 19. TIC depicting the burned/unspiked condition for the OSB wood 
substrate desorbed from ACS 
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Figures 20 through 26 depict TICs of all the green commercial products 
under spiked/burned conditions analyzed on the OSB wood floor matrix and the 
neat standard. The red series represents the spiked/burned condition and the 
blue series represents the neat standard in each overlay. Although the 
abundances in the spiked/burned condition are significantly diminished, the 
commercial products were confidently identified within these mock samples.  
However, the OSB wood matrix components, identified and shown in 
Figure 18, are much more prominent than the first substrate.  Compounds 
contained within the commercial products were much more diminished, allowing 
for the matrix components to be seen, shown in Figures 24, 25 and 26. The 
interferences from the OSB wood floor are volatile and present in the same 
carbon range as components of the green commercial products, reinforcing the 
importance for obtaining and submitting comparison samples by fire investigators 
to crime labs.  
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Figure 20. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Turpentine analyzed with the OSB wood substrate 
desorbed from ACS 
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Figure 21. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Safer Paint Thinner analyzed with the OSB wood substrate 
desorbed from ACS 
 
 
Figure 22. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Mineral Spirits analyzed with the OSB wood substrate 
desorbed from ACS    
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Figure 23. TIC overlay depicting the neat standard and spiked/burned condition 
for Bio Solv Solvent Replacement analyzed with the OSB wood substrate 
desorbed from ACS 
 
 
Figure 24. TIC overlay depicting the neat standard and spiked/burned condition 
for Green Envy Paint Thinner analyzed with the OSB wood substrate desorbed 
from ACS 
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Figure 25. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Lacquer Thinner analyzed with the OSB wood substrate 
desorbed from ACS 
 
Figure 26. TIC overlay depicting the neat standard and spiked/burned condition 
for Klean-Strip Green Denatured Alcohol analyzed with the OSB wood substrate 
desorbed from ACS 
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The recovery for the Klean-Strip Green Denatured Alcohol (Figure 26) and 
Klean-Strip Green Lacquer Thinner (Figure 25) products was significantly less 
successful with the OSB wood substrate than the carpet/carpet padding. The 
major distinguishing compounds in the neat standard are no longer 
distinguishable in the spiked/burned condition. Additionally, the matrix 
components within the OSB wood are seen to a greater extent, shown in Figures 
25 and 26. These two products were successfully recovered from the 
burned/spiked carpet/carpet padding substrate, shown in Figures 16 and 17. One 
possible reason for this finding is that the carpet/carpet padding substrate was 
more porous in comparison to the OSB wood substrate, which allowed for 
absorption to occur. When ignitable liquids absorb into the substrate, they are 
protected from the fire and there is an increased chance of recovery and 
detection.4 The OSB wood was most likely less absorbent in comparison to the 
carpet/carpet padding substrate, allowing for a greater exposure of the ignitable 
liquid to the flame and decreasing ability of recovery from the OSB wood. 
 
Part II: Application of Fast GC/MS Analysis for the Identification of Ignitable 
Liquids in Fire Debris Samples 
 
3.2.1. Analysis of Ignitable Liquids Under Optimized Fast-GC Conditions 
 
3.2.1.1. Gasoline 
 
Ignitable liquids from all ASTM E1618 classes were analyzed under 
optimized fast GC/MS conditions using the FASTGC1.6.M method. These liquids 
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were also analyzed with the ARSON.M method, which represents a traditional 
arson method, for comparison purposes. The overlay of a total ion chromatogram 
for gasoline analyzed under both the ARSON.M method and the FASTGC1.6.M 
method is shown in Figure 27. Gasoline is a mixture of various hydrocarbons and 
aromatics in certain ratios and is differentiated from other ignitable liquids by the 
specific manufacturing processes.34 It was shown that gasoline is identified by 
fast-GC/MS conditions by TIC pattern recognition and the identification of 
toluene, as well as classes of compounds that include C3-alkyl benzenes, and 
C4-alkyl benzenes by MS analysis. 
 
Figure 27. TIC overlay of a gasoline sample analyzed using both the ARSON.M 
and FASTGC1.6.M methods 
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3.2.1.2. Distillates 
 
The overlay of chromatograms for a medium petroleum distillate product 
analyzed under both the ARSON.M method and the FASTGC1.6.M method is 
shown in Figure 28. Petroleum distillates are known for their characteristic 
Gaussian distribution with equal peak separation of the most abundant 
compounds and the presence of n-alkanes. It was shown that a medium 
petroleum distillate could correctly be identified under fast-GC/MS parameters by 
TIC pattern recognition and identification of the characteristic hydrocarbons, 
nonane, decane, and undecane. 
 
Figure 28. TIC overlay of a medium petroleum distillate product analyzed using 
both the ARSON.M and FASTGC1.6.M methods 
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The overlay of chromatograms for a heavy petroleum distillate product 
analyzed under both the ARSON.M method and the FASTGC1.6.M method is 
shown in Figure 29. Heavy petroleum distillates are known for their wide spread 
of peaks ranging from C8 to C20. In addition, two necessary components of a 
diesel chromatogram are the presence of pristane and phytane, two isoalkanes 
that are always be present adjacent to C17 and C18, respectively.35 Although a 
shift in retention time has occurred, the characteristic pattern is maintained. 
There was also successful identification of the characteristic n- alkanes, 
hexadecane, heptadecane, and octadecane as well as pristane and phytane. 
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 Figure 29. TIC overlay of a heavy petroleum distillate product analyzed using 
both the ARSON.M and FASTGC1.6.M methods 
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identified under fast-GC parameters by pattern recognition and the identification 
of characteristic isoparaffins and naphthenics. 
 
Figure 30. TIC overlay of a heavy naphthenic/paraffinic product analyzed using 
both the ARSON.M and FASTGC1.6.M methods 
 
3.2.1.4. N-alkane Product 
 
The overlay of chromatograms for an n-alkane product analyzed under 
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Figure 31.	  TIC overlay of an n-alkane product analyzed using both the 
ARSON.M and FASTGC1.6.M methods 
 
 
3.2.1.5. Isoparaffinic Product  
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Figure 32. TIC overlay of an isoparaffinic product analyzed using both the 
ARSON.M and FASTGC1.6.M methods 
 
 
 
3.2.1.6. Aromatic Product 
 
The overlay of chromatograms for an aromatic product analyzed under 
both the ARSON.M method and the FASTGC1.6.M method is shown in Figure 
33. Aromatic products yield peaks containing primarily aromatic compounds with 
a notable lack of any other type of hydrocarbon. The peaks observed in the 
chromatogram of an aromatic product are typically of narrow hydrocarbon range, 
which can facilitate their identification.34 The aromatic product analyzed under 
fast-GC/MS conditions maintains the narrow range and successful identification 
of aromatic compounds by MS was achieved. 
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Figure 33. TIC overlay of an aromatic product analyzed using both the 
ARSON.M and FASTGC1.6.M methods 
 
 
3.2.1.7. Oxygenated Product 
 
 
The overlay of chromatograms for an oxygenated product analyzed under 
both the ARSON.M method and the FASTGC1.6.M method is shown in Figure 
34. The chromatograms of oxygenated products have fairly simple patterns 
associated with them. Mass spectra data is the best way to definitively identify 
the presence of an oxygenated product. It is shown that the oxygenated product 
analyzed under fast-GC/MS conditions maintains its simple pattern and the 
oxygenated compound, 2-butoxy-ethanol was readily identified. 
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Figure 34. TIC overlay of an oxygenated product analyzed using both the 
ARSON.M and FASTGC1.6.M methods 
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green commercial products unique and fire debris analysts must take extra care 
during analysis. 
 Utilizing an optimized method for green products, it was shown that 
although the abundances of significant compounds were diminished, there 
remains an ability to identify the commercial product within both the carpet/carpet 
padding and the OSB wood substrates. This is important, as an arsonist could 
use these products to facilitate the spread of a fire, allowing for their presence in 
fire debris samples.  
 The carpet/carpet padding substrate demonstrated better recoverability of 
the green commercial products. This is most likely due to the fact that the carpet 
is more porous, and possesses the ability to better absorb ignitable liquids and 
protect the absorbed species from fire, allowing for a better recovery in 
comparison to the wood substrate during heated passive headspace with a 
charcoal strip. Most importantly, a successful reference source was created that 
will provide information about environmentally friendly products and their 
analytical features to fire debris analysts in crime laboratories. 
 While studies undertaken in this project were considered successful, 
further study is necessary to better understand green commercial products and 
their analytical features. One suggestion would be to develop a macro within 
ChemStation data analysis for the inclusion of ions, more specifically oxygenates 
that are present in the green products. This would help aid the fire debris analyst 
in the detection of such products within fire debris samples. As the consumer 
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marketplace grows for these types of products, there will be a continual 
introduction of new green commercial products within the home and workplace. 
Analyzing new green products as they become commercially available would 
allow for growth of the reference source created thus far for use by fire debris 
analysts.  
Part II: Application of Fast GC/MS Analysis for the Identification of Ignitable 
Liquids in Fire Debris Samples 
 
Although a shift in retention time occurred within TICs analyzed with the 
optimized fast-GC method, the characteristic patterns were maintained for 
ignitable liquids from all seven ASTM classes and there was successful 
identification of products from all ASTM E1618 classes. It was shown that 
increasing the GC oven ramp rate and decreasing initial and final hold times 
allowed for a reduction in chromatographic separation times without sacrificing 
peak resolution that is needed to identify an ignitable liquid. 
While studies undertaken in this project were considered successful, 
further research is necessary to better understand fast-GC/MS and there still 
remains significant work to be accomplished within this topic. One suggestion 
would be to perform a double-blind study to challenge fast-GC/MS conditions that 
were developed on contrived case samples. As there are many products that are 
classified within each ASTM class, it would be very useful to analyze a variety of 
products within each ASTM class using fast-GC/MS conditions, to further 
demonstrated its potential for faster analysis of case samples within a forensic 
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setting. Continually challenging current methods to reduce analysis time of fire 
debris analysis is necessary within the forensic community as time and money 
are valuable to method development as well as important to the amount of 
casework accomplished within a laboratory.  
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